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Summary
Phosphogypsum (PG) is a by-product of phosphoric acid production and according 
to the Waste Management Strategy of the Republic of Croatia for 2007 - 2015 
(Offi  cial Gazette 85/07, 126/10, 31/11, 46/15) it is classifi ed under the waste code 06 
09 01. Phosphogypsum has a signifi cant impact on the environment by its eff ects, 
admixtures (impurities) and amount. One of its possible applications is in agriculture. 
Many positive eff ects on soil and plants were noted, but there is also a growing 
concern regarding the eff ect of residues of heavy metals and natural radioactivity of 
radionuclides. In order to obtain a better understanding of this subject, this study 
provides a general overview of the available literature regarding the application of 
phosphogypsum in agriculture.
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Introduction
Phosphoric acid that is nowadays primarily used in the 
production of complex NP (MAP, DAP) and NPK fertilizers is 
obtained by a method wherein along with the phosphoric acid 
there are also by-products of calcium sulfate dihydrate (phos-
phogypsum), and hydrogen fl uoride. Th e process takes place in 
the reactor where the ground phosphate ore or raw phosphate 
(fl uorapatite) decomposes with concentrated sulfuric acid at a 
temperature of 75-80ºC and with 26-30% P2O5 in the meadow, 
under this circumstance calcium sulphate dihydrate – phos-
phogypsum is produced. Th e chemical formula of that reac-
tion is as follows:
Phosphogypsum activity in soil 
Physical properties
According to Beretka (1990), in arid areas in Australia, on 
basic soils, 3-5 t/ha of phosphogypsum of 10-12% humidity is 
applied, and it is plowed at 15 cm depth. Th e procedure is re-
peated every 3-5 years. Th e improvement of surface soil struc-
ture and better water capacity is noted, soil management is 
easier and faster, and there is less damage to the equipment. 
Phosphogypsum enhances the cation exchange of Na+ and Ca2+ 
in clay soils, and thus contributes to density, increased porosity 
Ca10 (PO4)6F2 + 10 H2SO4 + 20 H2O ←→ 6 H3PO4 + 10 CaSO4 · 2 H2O + 2HF
             phosphogypsum
During the technological process of vacuum fi ltration the 
separation of weak phosphoric acid and phosphogypsum (PG) 
occurs, phosphogypsum (PG) is then transported either by dried 
(belt conveyors) or wet (hydraulic piping) method and disposed 
at a specifi cally regulated landfi lls. For each ton of phosphoric 
acid, 4-6 tons of phosphogypsum are produced in this process 
(Leaković et al., 2012; Papastefanou et al., 2006; IAEA, 2013). 
Th e current annual production of phosphogypsum in the world 
is 160 million tons, of which 40 million tons is produced in the 
USA. Th e production is constantly increasing, and it is expected 
to reach 200-250 million tons in the next decade (IAEA, 2013). 
Given the large quantities that are produced, and having in mind 
that only 14% is used in the construction industry, it is necessary 
to dispose the surpluses (Taybi et al., 2009). Th ere are two main 
waste disposal methods: a) construction of landfi lls above the 
ground where it can settle (> 50%); and b) permanent disposal 
of the material in water resources (28%). Although the compo-
sition of phosphogypsum is dominated by calcium sulfate, more 
than 50 diff erent impurities were also identifi ed (Rajković, 2003). 
Th e diversity and the number of impurities present depend on 
geological origin of phosphate ore, processing method, disposal 
method, landfi ll age and location and possible contamination in 
the production process (Arman et al., 1990). Radionuclides are a 
special type of impurities that do not signifi cantly aff ect the qual-
ity of phosphogypsum, but signifi cantly aff ect the environment. It 
is known that phosphate ores have increased natural radioactiv-
ity (Naturally Occurring Radioactive Material - NORM). In the 
process of phosphate mineral fertilizers production, about 86% 
of natural 238U from phosphate ore is extracted to phosphoric 
acid, while 80%-90% of 226Ra is extracted to phosphogypsum, 
replacing Ca in chemical structure (Sahu et al., 2014). A small 
percentage of uranium may end up in phosphogypsum in the 
following ways (IAEA, 2013): (I) through unreacted raw phos-
phate which aft er fi ltration ends in a mixture of phosphogypsum, 
(II) substitution of U4+ in the crystal lattice of phosphogypsum, 
(III) phosphoric acid residues in phosphogypsum aft er fi ltration, 
(IV) UO2HPO4 adsorption on the surface of phosphogypsum.
and formation of stable soil structure (Orlov et al., 1989). Agassi 
et al. (1985) reported that the application of phosphogypsum 
(5 t/ha) reduced runoff  in loess by 70-85% compared with the 
control. Vyshpolskya et al. (2010) conducted a two-year experi-
ment on the plots of cotton on heavy clay with organic matter 
content of 1%, and by applying phosphogypsum they increased 




Positive eff ects of phosphogypsum in reclamation of acidic 
soils are generally attributed to the reduction of mobile alumi-
num concentration (Noble et al., 1988; Alva and Sumner, 1989; 
Frenkel et al., 1989; Alva et al., 1990; Mullins and Mitchell, 1990; 
Rechcigl et al., 1993). Mesić (2001) conducted experiments on 
dystric luvic semigley soil with two doses of phosphogypsum 
applied (12.5 t/ha and 25 t/ha), and found that phosphogypsum 
generally had a modest eff ect on the improvement of soil acidity 
and it caused a reduction of mobile aluminum content in soil 
during the four-year research.
Alva et al. (1990) investigated the eff ect of phosphogypsum on 
mobile aluminum content in subarable layer for three diff erent 
types of soil. Th ey have saturated the soil in the laboratory with 
deionized water and an aqueous solution with phosphogypsum 
concentration of 2 g/L. Saturating the soil with phosphogypsum 
solution caused a reduction of mobile aluminum by 40%, 21% and 
7%. Higher values were observed in soils with dominant kaolinite 
component, and the lowest value was observed in soil with the 
highest concentration of smectite. Th e authors concluded that 
the amelioration eff ect of phosphogypsum is conditioned by the 
increase of surface charge of soil particles due to the presence of 
SO42- ions, as well as the reduction of exchangeable aluminum 
content. Amelioration eff ects of phosphogypsum are stronger in 
soils with predominant variable charge in relation to soils with 
higher content of permanent charge of clay minerals.
Blum et al. (2012) studied the irrigation (purifi ed wastewater) 
of soil that was treated with phosphogypsum and they warned 
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that Ca easily leached. Th ey also recommended the application 
of phosphogypsum in small amounts several times. Th e com-
bination of phosphogypsum and lime and/or silicates improves 
surface and subsurface chemical properties of soil 12 months 
aft er application. Th e composite increased the concentration of 
K+, Ca2+, Mg2+, N-NO3-, S-SO42- in subsurface layer (Crusciol, 
2016). Van der Watt et al. (1990) conducted a study on kaolin-
ite type of clay (South Africa). All plots (20x10 3m) were treated 
with 20 kg of P in the form of superphosphate before they were 
divided into control and plots with increased amounts of phos-
phogypsum and mulch. Phosphogypsum with 0.36% of P was 
used. Th ey found that within two years with the application of 2 
t/ha of phosphogypsum, conductivity and available phosphorus 
were increased. Mays et al. (1986) used phosphogypsum (0.23 
mg Cd kg, 925 Bq/kg 226Ra) at 0.22 and 112 t/ha doses in corn-
wheat-soybean crop rotation, and the results showed an increase 
of 226Ra from 34.8 Bq/kg (control) to 73.3 Bq/kg (112 t/ha PG) 
in 0-15 cm layer, while there were no consequences at greater 
depths. Th ese values are below the limits of toxicity according 
to National Council of Radiation Protection and Measurement 
(NCRPM, (1984). Th e values determined by research conducted 
by Mullins et al. (1990), Papastefanou et al. (2006) and Rechcigl 
et al. (1992) were also below the permitted limits.
Alkaline soils
Nayak et al. (2011) conducted a research in India on agricul-
tural soil without vegetation, with the addition of 5-20% phos-
phogypsum and they found that with the increasing amounts 
of phosphogypsum applied, pH was reduced from 7.9 in control 
to 5.1 in treatment with 20% phosphogypsum.
According to Vyshpolsky et al. (2010) by using phosphogyp-
sum in irrigated areas, the eff ects of excess Mg2+ in soil, which 
are negative regarding soil structure and ultimately plant growth 
and yield, are mitigated.
Phosphogypsum and gypsum are excellent substitutes for 
carbocalk and other liming materials only in neutralizing the 
excess of aluminum in acid soils or sodium in alkaline soils 
(Vukadinović et al., 2016).
Th e eff ect of phosphogypsum on plants
According to Butorac (1999) yield is a part of natural pro-
duce and the reason why certain cultures are grown, with certain 
quality and quantity it has an economic value. Th e application 
of phosphogypsum as a fertilizer, in doses of 100-600 kg/ha, 
contributed to a signifi cant increase in yield in 50 types of crops 
(Hilton, 2006). Mesić (2001) conducted experiments on dystric 
luvic semigley soil with the application of two diff erent doses 
(12.5 t/ha and 25 t/ha), and found a relatively small increase in 
yield in corn and winter wheat production (10% -15% higher 
than control). Bašić et al. (1990) studied the eff ect of liming with 
several materials (soft  limestone, hard limestone, dolomite and 
phosphogypsum) on crop yields in maize - winter wheat -rape-
seed crop rotation. Studies were conducted on semigley dystric 
brown soil. Th e application of phosphogypsum had a pronounced 
positive eff ect on corn yield, but not on winter wheat yield. Da 
Costa et al. (2015) conducted a study on acid soils of Brazil in 
soybeans-oats-sorghum crop rotation, with the application of 2 
t/ha of phosphogypsum. Soybeans and oats yield was not statisti-
cally diff erent from control, whereas the application of phospho-
gypsum resulted in several times higher yield of grain sorghum 
as compared to control, but it was economically negligible (250 
kg/ha). Dimitrijević et al. (2010) conducted an experiment with 
diff erent varieties of wheat on solonetz, with the application of 
phosphogypsum as a reclamation agent in the amount of 25 t/
ha and 50 t/ha, and they found average yield of 5.17 t/ha (25 t/
ha PG) and 3.81 t/ha (50 t/ha PG). Vyshpolskya et al. (2010) 
conducted a two-year experiment on heavy clay, with 1% of or-
ganic matter, with the application of 3.3 t/ha PG and 8 t/ha PG 
on the area covered with cotton, and in the second year of the 
experiment in treatment with 3.3 t/ha PG they recorded the 
highest yield (2.2 t/ha) as compared to control (1.2 t/ha). Also, 
plant density was signifi cantly higher (162 000 plants/ha) than 
control (139 000 plants/ha). 
Macro and micro-nutrients are essential for plant growth and 
development. Soratto et al. (2008) studied cultivation of rice and 
beans on kaolinite type of soil with no-tillage, and they noted 
that the application of phosphogypsum in rice cultivation had 
positive eff ects on the amount of S in leaf and yield, and when 
combined with lime, the content of Zn in leaf was signifi cantly 
lower. Also, with the application of phosphogypsum they re-
corded bean leaf an increase of S and Ca, and a decrease of Mg 
content. Elloumi et al. (2015) studied sunfl ower under controlled 
greenhouse conditions and the application of phosphogypsum 
in value of 5% of the weight of the soil. Th ey found a signifi cant 
reduction of shoot length (17%), while there was no change in 
roots. With the application of 5% phosphogypsum, an increase 
of K and Na concentration and a decrease of Ca concentration 
were recorded in leaf. Th ere was also an increase of Ca and Na, 
and a decrease of K and Mg concentration in root.
Along with major plant nutrients, mineral fertilizers oft en 
contain diff erent admixtures in form of heavy metals, organic 
compounds and radioactive substances (Butorac, 1999). Abril et 
al. (2008) studied the cultivation of tomatoes on soils that were 
treated with 20-25 t/ha of phosphogypsum every 2-3 years during 
the past 30 years and they concluded that Cd levels in tomatoes 
were permitted under the EU regulation (EC 1881/2006). In 
their experiment Enamorado et al. (2014) used the soil that was 
treated with phosphogypsum at a dose of 20-25 t/ha six times 
during the last 40 years. Sampled soil was additionally treated 
with 0, 20, 60 and 200 t/ha of phosphogypsum (2.1 mg Cd/kg 
PG) and they found that with the maximum amount of applied 
phosphogypsum the accumulation of Mn, Co and Cu in shoots 
was stopped, as well as the accumulation of B, Cu, Sb, Cs, Ba, Tl, 
Th  in yield. Also, concentrations of Pb in the entire plant were 
negligible and did not pose a problem for human and animal nu-
trition while the content of Cd was very close to the maximum 
allowed value, and a constant control of Cd is required. Roša 
(1998) noted geno- and cyto-toxicity of phosphogypsum aft er a 
24-hour treatment (0.5%, 1.0%, 2.5%, 5% and 10% in the solu-
tion of water from landfi lls) and a 24-hour recovery (tap water) 
in onion bulb treated with all concentrations, where chromo-
somal and mitotic aberrations occurred in the cells in the tip 
of an onion root. Also, higher concentrations of fl uoride were 
noted in leaves of common oak near a landfi ll.
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Th e eff ect of fertilizers and materials mixed 
with phosphogypsum
Van der Watt (1990) carried out experiments with a combi-
nation of phosphogypsum and mulch, where a positive eff ect, 
that is, the reduction of crust formation could be seen through 
a cycle of 4-5 months (in the systems of no-tillage or minimum 
tillage). Crusciol et al. (2016) also conducted a research in no-
tillage system and concluded that the combination of limestone, 
silicate and phosphogypsum improves surface and subsurface 
chemical structure of soil, and an increase in the concentration 
of K, Ca, Mg, N-NO3-,S-SO42- was recorded, which has defi nitely 
improved culture conditions. Bayrakli (1990) studied the meth-
ods of ammonia volatilization from urea, and by using phospho-
gypsum he reduced nitrogen loss by approximately 85%. Mesić 
(2001) conducted an experiment where he combined eight liming 
materials. One of the combinations was NPK + phosphogypsum, 
which in winter wheat achieved better yield (53.9 dt/ha) than 
control (35.6 dt/ha), but when that combination was compared 
to simple NPK application (51.3 dt/ha) the diff erence was not 
statistically signifi cant. Th e application of limestone and phos-
phogypsum increases the absorption of Ca in soybean and sor-
ghum, and it also increases yield (da Costa et al., 2016).
Oates and Caldwell (1985) conducted a laboratory study of the 
effi  ciency of phosphogypsum, hydrofl uorogypsum and gypsum 
on the neutralization of soil with the initial pH value of 4.9. Th ey 
found that when phosphogypsum was stored in open-air storage 
areas it had adverse physical characteristics due to large particles 
and high water content. Unlike hydrofl uorogypsum where with 
the application of 5x4.2 cmol (+) / kg dose the pH value of soil in 
vegetation pots had increased to 5.3, the application of gypsum 
and phosphogypsum in the same amount had not resulted with 
an increase of soil pH. In contrast to pH value, mobile aluminum 
content was reduced by 81% with hydrofl uorogypsum, and by 
55% with phosphogypsum. Th e reduction of aluminum content 
is explained by the formation of fl uoride and aluminum com-
plex, because the materials that were used contain substantial 
amounts of fl uorine, 23.8 mg/g in hydrofl uorogypsum, and 6.5 
mg/g in phosphogypsum. Along with the reduction of aluminum 
content they also observed a decreased content of other cations, 
magnesium, sodium and manganese. During the 35 days of veg-
etation in pots, according to plant height and weight, soybeans 
reacted positively to the application of hydrofl uorogypsum, and 
aft er that the application of phosphogypsum.
Alva and Sumner (1989) investigated the eff ect of solutions 
of diff erent aluminum and phosphogypsum content on soybean 
root development. In the control treatment consisting of solu-
tion without mobile aluminum content, a relative soybean roots 
length of 100 was obtained, and the values of relative roots length 
achieved in three other treatments were also indicative. Th e fi rst 
was a treatment without the application of aluminum, and with 
the application of phosphogypsum in the amount of 2 g/L, in 
which the aluminum concentratiotion of 16 μM and a relative 
root length of 86 were recorded. Th e following was a treatment 
with 40 μM of added aluminum, but without phosphogypsum 
where aluminum concentration of 39.5 μM and a relative root 
length of only 22 were measured. Th e third treatment included 
the application of 40 μM of aluminum and 2 g/L of phosphogyp-
sum in which the concentration of aluminum in a solution of 
32.5 μM and a relative soybean root length of 85 were recorded, 
which suggests that the application of phosphogypsum positively 
aff ects roots growth in a solution with the addition of aluminum.
Rechcigl et al. (1993) compared the eff ect of diff erent doses 
of calcite (0, 1.1, 2.2, 3.3, 4.4 and 6.6 t/ha) and phosphogypsum 
(2.2 and 4.4 t/ha) on acidic sandy soil with the initial pH value 
of 4.8. Th e materials were applied on surface and incorporated 
into the soil with a disc harrow to a depth of 7 cm. Aft er fi ve 
months, soil pH at a depth of 0-15 cm had the highest increase 
in the treatment with the highest dose of calcite where soil pH 
was 6.0. Aft er the application of phosphogypsum, pH was re-
duced to 4.0 regardless of the applied amount of this material. 
Th e eff ect of calcite was not recorded at a depth of 15 cm, while 
the phosphogypsum also infl uenced a decrease in pH values at 
a depth of 15 - 75 cm, and even deeper, but did not decrease the 
exchangeable aluminum content. Th e exchangeable aluminum 
content at a depth of 0-15 cm decreased from the initial 27.0 mg/
kg to 7.0 mg/kg when the highest dose of calcite was applied, 
and the saturation degree of aluminum decreased from 34.3% 
to only 2.3%. Due to phosphogypsum application there was a 
certain decrease in mobile aluminum content (21.3 mg/kg and 
23.0 mg/kg) compared to control (27 mg/kg), as well as a de-
crease in aluminum saturation level (20.3% and 25.8%). Aft er 
three years the situation has changed, so that the lower doses of 
calcite at a depth of 0-15 cm had an insignifi cant eff ect on soil 
pH value, while the eff ect of the highest dose of calcite was un-
changed compared to the initial year. Th e content of exchange-
able aluminum increased in all treatments, although the highest 
increase was recorded in treatments with phosphogypsum, and 
the same goes for the degree of aluminum saturation. Th is sug-
gests that the amelioration eff ect of phosphogypsum on mobile 
aluminum content in fi eld trials is short-lived. Statistically signifi -
cant diff erences between control and treatments with phospho-
gypsum regarding mobile aluminum content were not recorded 
at greater depths either (15-30, 30-45 cm).
Frenkel et al. (1989) have applied granulated phosphogyp-
sum to soil in order to investigate the infl uence of granule size 
on its solubility. Th ey noted that due to the formation of alumi-
num phosphate coating on granule surface a slower dissolution 
rate of phosphogypsum granules occurs in strongly acidic con-
ditions. When the granules were larger, the dissolving process 
was slower, so they concluded that if the aim of phosphogyp-
sum application is to infl uence the process of removing acidity 
in subarable layer (due to leaching), the arable layer should be 
calcifi ed so that phosphogypsum could melt down more quickly 
in favorable reaction conditions.
Noble et al. (1988) ascribe the reduction of aluminum toxic-
ity aft er the application of gypsum to the formation of less toxic 
AlSO4+ ions. In their research conducted on nutrient solution 
with the pH of 4.2 and 4.8 they noted that gypsum had a less 
pronounced eff ect on aluminum toxicity removal at pH 4.8, and 
they explained that by more intensive formation of AlSO4+ at 
pH 4.2, and Al(OH)2+ ions at pH 4.8.
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Beretka (1990) reports positive results with the application 
of 3-5 t/ha of phosphogypsum every 3-5 years. Aft er such appli-
cations of phosphogypsum the improvement of soil structure at 
surface layer and better water infi ltration were recorded in un-
stable structure soils and soil management was easier and faster.
Mullins and Mitchell (1990) found a positive eff ect of phos-
phogypsum application on sulfur content in soil. Although phos-
phogypsum had a certain radioactivity (21 pCi 226Ra) before the 
application to soil, an increase of radioactivity was not deter-
mined in soil or plant material of wheat.
Observed eff ects on water
In Cyprus, phosphogypsum leaching from landfi ll was re-
corded, and NaCl from seawater has accelerated the entire leach-
ing process into the deeper layers (Lyssandrou et al., 2006). 
Mesić et al. (2007) applied 12 t/ha in the eight-year experiment 
on two occasions with annual fertilization as follows: 250 kg of 
N, 150kg of P and 100 kg of K. Th e amount of leached SO42--S 
varied between 30.4 kg/ha and 145.5 kg/ha, depending on cul-
ture, plants development stage and the intensity and amount of 
rainfall, but the result of leaching is primarily caused by phos-
phogypsum. Leached particles can easily be found in waterways, 
and through the food chain they can eventually reach the human 
body (Reijnders, 2007). According to a laboratory simulation the 
application of larger quantities of phosphogypsum can aff ect 
the transport of phosphorus to the surrounding water bodies, 
and it can lead to accelerated eutrophication (Korentajer et al., 
1991). In Croatia Bituh et al. (2012) conducted a research in the 
area of a landfi ll in Kutina and according to the results obtained 
through the analysis of leachate samples, higher levels were not 
obtained. Aft er 1998 when direct discharge of waste waters was 
banned in the area of Huelva, Villa et al. (2009) conducted a 
study on natural disintegration and decontamination of local 
bodies of water. Th ey conclude that 226Ra and 210Pb disintegrate 
with a half-life period of 6 and 3.5 years, respectfully, without 
negative eff ect and that they approximate natural radioactivity 
in the environment but they have not yet reached it.
Other eff ects
Hentati et al. (2015) warned of negative eff ect of even the 
slightest addition of phosphogypsum on Water fl ea (Daphnia 
magna) and caterpillar (Eisenia andrei), with acute (immobili-
zation) and chronic (reproduction inhibition) symptoms. Th ey 
found that regardless of the presence of some heavy metals, the 
cause of these symptoms is extremely high concentration of Ca 
(at 25.6% PG the concentration of Ca is 545-650 mg/L, depend-
ing on the medium). Haridasan et al. (2001) and Heijde et al. 
(1988) examined the eff ect on diet of fi sh from bodies of water 
near the phosphogypsum landfi ll and their results (18μSv and 
20-25μSv) indicated insignifi cant eff ect of radiation through 
food chain. Fluoride concentrations in phosphogypsum oft en 
have a wide range, depending on the origin of phosphate ore. 
Th e concern with fl uoride is the possible development of fl uo-
rosis (a bone and tooth disorder) in grazing animals from con-
suming plants with high concentrations of fl uoride (Richardson, 
1993). Th e use of phosphogypsum in composting is interesting, 
and Yang et al. (2015) applied 10% of phosphogypsum and re-
corded a reduction of CH4 (by 85.8%) and NH3 (by 23.5%), but 
also a slight increase of N2O (by 3.2%). Greenhouse gas emis-
sions were reduced by 17.4%. 
Legislative framework
Phosphogypsum is a by-product of phosphoric acid produc-
tion and according to the Waste Management Strategy of the 
Republic of Croatia for the period 2007 - 2015 (Offi  cial Gazette 
“Narodne novine”  85/07, 126/10, 31/11, 46/15) it is classifi ed under 
the waste code 06 09 01. Due to the natural origin, but also its ra-
dioactivity that is increased by technological processes, phospho-
gypsum is classifi ed into the NORM category. Phosphogypsum 
also contains harmful heavy metals and fl uorides, it has a low 
level of radioactivity and therefore it is subject to constant mon-
itoring of the environmental quality in landfi ll areas in accor-
dance with the Environmental Protection Act (Offi  cial Gazette 
“Narodne novine” 80/13, 153/13, 78/15), the Ordinance on the 
methods and conditions of waste disposal, categories and opera-
tional requirements for waste landfi lls (Offi  cial Gazette “Narodne 
novine” 114/15) and the Ordinance on monitoring radioactivity 
in the environment (Offi  cial Gazette “Narodne novine”  121/13). 
In order to use phosphogypsum in agriculture in the Republic 
of Croatia, it is necessary to reclassify it into the category of by-
products that can only be done aft er a detailed research in real-
istic environmental conditions that would also include its eff ect 
on all aspects of the environment.
Conclusion
Based on the above it can be concluded that the application 
of phosphogypsum in agriculture is a very complex issue. Th e 
issue of phosphogypsum waste landfi lls primarily poses an en-
vironmental problem. It is known that more than 85% of phos-
phogypsum ends up in landfi lls and water. Its disposal is not only 
a scientifi c problem, but an economic and a political problem as 
well. Solving this problem prompted many researches of com-
mercial application of phosphogypsum, one of which is fertiliza-
tion. According to the aforementioned studies, positive eff ects of 
phosphogypsum to soil, water and plants are prevailing. But a 
small number of studies pointing out possible problems evidently 
show that every state should conduct their own research corre-
sponding with their agricultural regions and agroecosystems.
References
Abril, J.M., García-Tenorio, R., Enamorado, S.M., Hurtado, M.D., 
Andreu, L.,  Delgado A. (2008). Th e cumulative eff ect of three 
decades of phosphogypsum amendments in reclaimed marsh 
soils from SW Spain: (226)Ra, (238)U and Cd contents in soils 
and tomato fruit, Sci Total Environ 403(1-3) 80-88.
Alcordo, I.S., Rechcigl, J.E. (1993). Phosphogypsum in agriculture: 
A review, Adv. Agron. 49, 55–118.
Alva, A.K., Sumner, M.E. (1989). Alleviation of aluminum toxic-
ity to soybeans by phosphogypsum or calcium sulfate in dilute 
nutrient solutions. Soil sci. 147: 278-285.
Alva, A.K., Sumner, M.E., Miller, W.P., (1990). Reactions of 
Gypsum or Phosphogypsum in highly weathered acid subsoils. 
Soil Sci. Soc. Am. J. 54: 993-998.
Agric. conspec. sci. Vol. 81 (2016) No. 1
12 Milan MESIĆ, Luka BREZINŠČAK, Željka ZGORELEC, Aleksandra PERČIN, Ivana ŠESTAK, Darija BILANDŽIJA, 
Mirela TRDENIĆ, Hrvoje LISAC
Arman, A., and Seals, R. K. (1990). A preliminary assessment of 
utilization alternatives of phosphogypsum. In “Proceedings of 
the Th ird International Symposium on Phosphogypsum” (W. F. 
Chang, ed.), Publ. 01-060-083, pp. 562-583. Florida Institute of 
Phosphate Research, Bartow, Florida.
Agassi, M., Shainberg, 1., Morin, J. (1985). Infi ltration and runoff  
in wheat fi elds in the semi-arid region of Israel. Geoderma, 36: 
263-276.
Bayrakli, F. (1990). Ammonia volatifi cation losses from diff erent 
fertilizers and eff ect of several urease inhibitors, CaC12 and 
phosphogypsum on losses from urea. Fert. Res., 23: 147-150.
Bašić, F., Butorac, A., Vajnberger, A., Malbašić, D., Bertić, B., Mesić, 
M. (1990). Eff ects of liming on the yield of some crops and the 
chemical properties of the soil, 10th World Ferilizer Congress of 
CIEC, Nicosia.
Blum, J., Herpin, U., Melfi , A.J., Montes, C.R. (2012). Soil properties 
in a sugarcane     plantation aft er the application of treated sew-
age effl  uent and phosphogypsum in Brazil Agricultural Water 
Management 115;203– 216
Beretka, J., (1990). Th e current state of utilisation of phosphogyp-
sum in Australia, Proceedings of the third international sym-
posium on phosphogypsum, p. 394-401, Florida Institute of 
phosphate research, Bartow, Florida, USA
Bituh, T., Marović, G., Petrinec, B., Vučić, Z., Prlić, I. (2012). 
Prirodna radioaktivnost u okolišu odlagališta fosfogipsa. 
http://www.iaea.org/inis/collection/NCLCollectionStore/_
Public/44/128/44128583.pdf
Butorac, A. (1999). Opća agronomija. Školska knjiga, Zagreb. p. 109, 
429
Carlos A.C. Crusciol, Angela C.C.A. Artigiani, Orivaldo Arf, 
Antonio C.A. Carmeis Filho, Rogério P. Soratto, Adriano S. 
Nascente, Rita C.F. Alvarez (2016). Soil fertility, plant nutrition, 
and grain yield of upland rice aff ected bysurface application of 
lime, silicate, and phosphogypsum in a tropical no-till system. 
Catena 137 87–99
da Costa, C. H. M., Crusciol, C.A.C. (2016). Long-term eff ects of 
lime and phosphogypsum application on tropical no-till soy-
bean–oat–sorghum rotation and soil chemical properties 
European Journal of Agronomy 74:119-132
Dimitrijević, M., Petrović, S., Belić, M., Mladenov, N., Banjac, B., 
Vukosavljev, M., Hristov, N. (2010). Utjecaj limitirajućih uvjeta 
solonjeca na variranje uroda krušne pšenice. u: Zbornik radova 
45. Hrvatskog i 5. Međunarodnog simpozijuma agronoma, 
Opatija, 394-398
Elloumi, N., Zouari, M., Chaari, L., Abdallah, F.B., Woodward, S., 
Kallel, M. (2015). Eff ect of phosphogypsum on growth, physiol-
ogy, and the antioxidative defense system in sunfl ower seedlings 
Environmental Science and Pollution Research, Volume 22, 
Issue 19, pp 14829-14840
Enamorado, S., Abril, J.M., Delgado, A., Mas, J.L., Polvillo,O., 
Qunitero, J.M. (2014). Implications for food safety of the 
uptake by tomato of 25 trace-elements from a phosphogypsum 
amended soil from SW Spain. Journal of Hazardous Materials 
266. 122-131
Frenkel, H., Fey, M.V., Noble, A.D. (1989). Some factorslimiting the 
dissolution rate of phosphogypsum in an acid soil. Soil Sci. Soc. 
Am. J. 53:958-961.
Haridasan, P.P., Paul, A.C., Desai, M.V.M. (2001). Natural radio-
nuclides in the aquatic environment of a phosphogypsum dis-
posal area. Journal of Environmental Radioactivity, 53 (2), pp. 
155–165
Heijde, H. B. V., Klijn, P. J., & Passchier, W. F. (1988). Radiological 
impacts of the disposal of phosphogypsum. Radiation 
Protection Dosimetry, 24, 419-423.
Hentati, O.,  Abrantes, N., Caetano, A.L., Bouguerra, S., Gonçalves, 
F., Rӧmbke, J., Pereira, R. (2015). Phosphogypsum as a soil fer-
tilizer: Ecotoxicity of amended soil and elutriates to bacteria, 
invertebrates, algae and plants, Journal of Hazardous Materials 
http://dx.doi.org/10.1016/j.jhazmat.2015.03.034 Pristupljeno 
25.4.2016
Hilton, J.  (2006). Phosphogypsum – management and opportu-
nities for use: Resolving a confl ict between negative external-
ity and public good?, International Fertiliser Society, Leek, UK, 
Proc. No. 587, 34-36
IAEA (2013). Safety Report Series No. 78, Radiation Protection and 
Management of NORM Residues in the Phosphate Industry, 
IAEA, ISBN 978-92-0-135810-3
Korentajer, L., Henry, P.C. and B.E. Eisenberg, (1991). A simple 
eff ects analysis of the eff ects of phosphogypsum application 
on phosphorus transport to runoff  water and eroded soil sedi-
ments. J. Environ. Qual., vol.20 no.3: 596-603.
Leaković, S., Lisac, H., Vukadin, R. (2012) Primjena industrijskog 
otpada CaF2 u procesu ozelenjivanja odlagališta fosfogipsa. 
Kem. Ind. 61 (11-12) 505-512
Lyssandrou M., Charalambides A., Kehagia K., Koukouliou V., 
Poteriades K., Konstantinou M., Kolokassidou K., Pashalidis 
I., (2006). Characteristics of Phosphogypsum disposed on a 
Coastal Area in Cyprus, Protection and Restoration of the 
Environment VIΙI, Chania - Greece
Mays, D. A., and Mortvedt, J. J. (1986). Crop response to soil appli-
cations of phosphogypsum. J. Environ. Qual. 15, 78 - 8 1
Mesić, M. (2001). Korekcija suvišne kiselosti tla različitim vapnenim 
materijalima Agriculturae Conspectus Scientifi cus (ACS), Vol.66 
No.2
Mesić, M., Bašić, F., Kisić, I., Butorac, A., Gašpar, I., Zgorelec, Ž. 
(2007). Infl uence of Phosphogypsum Application on SO42-S 
Losses with Drainage Water. In Th e Importance of Ecological 
Belts Surrounding Metropolitan Cities. Istambul, 15-16.06., 
45-45
Mullins, G. L., and Mitchell, C. C., Jr. (1990). “Use of 
Phosphogypsum to Increase Yield and Quality of Annual 
Forages,” Publ. 01-048-084. Florida Institute of Phosphate 
Research, Bartow, Florida.
Nayak, S., Mishra, C.S., Guru B.C., Rath, M. (2011). Eff ect of phos-
phogypsum amendment on soil physico-chemical proper-
ties, microbial load and enzyme activities. J Environ Biol. 
32(5):613-7.
NCRPM. (1984). Exposure form uranium series with empha-
sis on radon and its daughters. National Council on Radiation 
Protection Measurements. NCRPM Report No. 77, Bethesda, 
Maryland.
Noble, A.D., Fey, M.V., Sumner, M.E. (1988). Calciumaluminum 
balance and the growth of soybean roots in nutrient solutions. 
Soil Sci. Soc. Am. J. 52:1651-1656.
Oates, K. M., Caldwell, A.G., (1985). Use of by-product gypsum to 
alleviate soil acidity. Soil Sci. Soc. Am. J. 49:915-918.
Orlov, D.S., Luganskaya, I.A., Lozanovskaya, I.N., (1989). Chemical 
reclamation of saline-sodic soils of the lower Don fl oodplain by 
some industrial wastes. Sov. Soil Sci., 21:78-89.
Papastefanou, C., Stoulos, S., Ioannidou, A., Manolopoulou, M., 
(2006). Th e application of phosphogypsum in agriculture and 
the radiological impact. Journal of Environmental Radioactivity 
89 (2), 188-198.
Rechcigl, J. E., Alcordo, I. S.,  Roessler, C. E. (1992). “Infl uence 
of Phosphogypsum on Forage Yield and Quality, and on the 
Environment in a Typical Florida Spodosol Soil,” Prog. Rep. 
Florida Institute of Phosphate Research, Bartow, Florida.
Agric. conspec. sci. Vol. 81 (2016) No. 1
13The Application of Phosphogypsum in Agriculture
Rechcigl, J.E., P. Mislevy, A.K. Alva, 1993. Infl uence of limestone 
and phosphogypsum on bahiagrass growth and development. 
Soil Sci. Soc. Am. J. 57:96-102.
Rajković, M. B. (2004). Klasifi kacija fosfogipsa kao otpadnog proiz-
voda sa aspekta životne sredine. Hem. Ind. 58 (1) 26-32
Roša. J., (1998). Utjecaj fosfogipsa iz industrijskog odlagališta na 
hrast lužnjak, II Šumarski list CXXII 11-12, 491-506
Reijnders, L., (2007). Cleaner phosphogypsum, coal combustion 
ashes and waste incineration ashes for application in build-
ing materials, A review. Building and Environment 42 (2), 
1036-1042.
Richardson, S. G. (1993). Vegetation and overburden cover on phos-
phogypsum: eff ects on Radon emission, runoff  water qual-
ity, and plant uptake of Fluoride and Radium. Th e Challenge 
of Integrating Diverse Perspectives in Reclamation-Zamora, 
Connolly, 90-98.
Sahu, S.K., Ajmal P.Y., Bhangare R.C., Tiwari M., Pandit G.G., 
(2014). Natural radioactivity assessment of a phosphate fertilizer 
plant area. Journal of Radiation research and apllied sciences 
and vol. 7, 1, 122-128
Soratto, R.P., Crusciol C.A.C., (2008). Dolomite and phosphogyp-
sum surface application of eff ects on annual crops nutrition and 
yield. Agronomy J., vol.100 no.2, 261-271 
Taybi, H., Choura, M., Lopez, F.A., Alguacil, F.J., Lopez-Delgado, A. 
(2009). Environmental impact and management of phosphogyp-
sum. Journal Environmental Management. Volume 90; Issue 8; 
2377-2386.
Van der Watt, H.v.H., Claassens, A.S. (1990). Eff ect of surface treat-
ments on soil crusting and infi ltration. Soil Technology vol.3 : 
241-251.
Vukadinović, V., Vukadinović, V., (2016). Tlo gnojidba i prinos. 
E-knjiga. http://ishranabilja.com.hr/literatura/eKnjiga_Tlo-
gnojidba-prinos.pdf
Villa, M., Mosqueda, F., Hurtado, S., Mantero, J., Manjón, G., 
Periañez, R., Vaca, F., García-Tenorio, R. (2009). Contamination 
and restoration of an estuary aff ected by phosphogypsum 
releases. Science of the Total Environment 408;69–77
Vyshpolsky, F., Mukhamedjanov, K., Bekbaev, U., Ibatullin S., 
Yuldashev, T., Noble, A.D., Mirzabaev, A., Aw-Hassand, A., 
Qadir, M. (2010). Optimizing the rate and timing of phos-
phogypsum application to magnesium-aff ected soils for crop 
yield and water productivity enhancement. Agricultural Water 
Management 97, 1277–1286Yang, F., Li, G., Shi, H., & Wang, Y. 
(2015). Eff ects of phosphogypsum and superphosphate on com-
post maturity and gaseous emissions during kitchen waste com-
posting. Waste Management, 36, 70-76.
acs81_02
